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Association Between Fetal Lymphedema and Congenital Cardiovascular
Defects in Turner Syndrome

Melissa L. Loscalzo, MD*; Phillip L. Van, MS‡; Vincent B. Ho, MD§; Vladimir K. Bakalov, MD‡;
Douglas R. Rosing, MD�; Carol A. Malone, PA-C�; Harry C. Dietz, MD*¶; and Carolyn A. Bondy, MD‡

ABSTRACT. Objectives. Turner syndrome (TS) is as-
sociated with congenital cardiovascular defects (CCVDs),
most commonly bicuspid aortic valve (BAV) and aortic
coarctation (COARC), congenital renal anomalies, and
fetal lymphedema. It has been theorized that compres-
sive or obstructive effects of fetal lymphedema may ac-
tually cause cardiovascular and renal dysmorphogenesis
in TS. The objective of this study was to determine
whether there is a specific association between a history
of fetal lymphedema and CCVDs in monosomy X, or TS,
independent of karyotype or general severity of the phe-
notype.

Methods. This was a prospective study of 134 girls
and women who have TS (mean age: 30 years) and were
clinically evaluated for evidence of fetal lymphedema,
classified as central (signified by the presence of neck
webbing) or peripheral (current or perinatal, or dysplas-
tic fingernails). The presence of BAV and/or COARC was
detected by magnetic resonance imaging combined with
echocardiography, and renal anomalies were determined
by ultrasound.

Results. There is a strong association between devel-
opmental central lymphedema, signified by neck web-
bing, and the presence of BAV (�2 � 10) and COARC (�2

� 8). The association between webbed neck and CCVDs
was independent of karyotype. There was, in contrast, no
significant association between renal anomalies and
webbed neck or CCVDs.

Conclusions. The strong, statistically significant associ-
ation between neck webbing and the presence of BAV and
COARC in TS suggests a pathogenetic connection between
fetal lymphatic obstruction and defective aortic develop-
ment. The presence of neck webbing in TS should alert the
clinician to the possibility of congenital cardiovascular
defects. Pediatrics 2005;115:732–735; X-chromosome, aortic
coarctation, bicuspid aortic valve, lymphedema.

ABBREVIATIONS. CCVD, congenital cardiovascular defect; BAV,

bicuspid aortic valve; COARC, coarctation; TS, Turner syndrome.

Congenital cardiovascular defects (CCVDs), in-
cluding most commonly bicuspid aortic valve
(BAV) and coarctation of the aorta (COARC),

are well-known features of Turner syndrome (TS).1–3

It is unknown whether these defects are attributable
to haploinsufficiency for X-chromosome gene(s) in-
volved in cardiovascular development or secondary
to other features of the syndrome, such as massive
fetal lymphedema interfering with heart and major
vessel formation. This latter possibility was sug-
gested by observations of an apparent increased
prevalence of CCVD in individuals with TS and neck
webbing4—the postnatal residua of nuchal cystic hy-
gromas caused by obstructed jugular lymphatics in
utero. On the basis of this observation, Clark4 pro-
posed that jugular lymphatic obstruction led to com-
pression of the ascending aorta, resulting in reduced
flow and left-sided cardiovascular outflow tract
anomalies. This view was supported by further epi-
demiologic observations in a study of 120 infants
with neck webbing reported in the Iowa Birth De-
fects registry, among which 66% were found to have
flow-related defects.5 This hypothesis obtained addi-
tional support from studies of 45,X embryos ascer-
tained because of cystic hygromas, with the majority
demonstrating left-sided defects, from left heart hy-
poplasia to aortic valve defects, aortic hypoplasia,
and/or coarctation.6,7 Moreover, these studies docu-
mented the presence of dilated lymphatics in the
vicinity of the developing heart and great vessels.

The original observations associating neck web-
bing with CCVDs came from a retrospective review
of published cardiology clinic cases,4 suggesting a
likely bias toward the most severely affected individ-
uals. Likewise, the pathologic studies certainly fo-
cused on the most severely affected fetuses, raising
the possibility that the association between CCVDs
and neck webbing simply reflects the most severe
phenotype in 45,X individuals rather than a specific
connection between these 2 phenotypic features of
X-chromosome deletion. In the present study, we
revisit the issue of association between signs of fetal
lymphedema and the presence of CCVDs in a pro-
spective study of 134 volunteers with TS, not selected
for cardiovascular disease, who underwent physical
examination and cardiovascular evaluation by MRI
and echocardiography in a tertiary clinical research
center.
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